Background: Cardiovascular morbidity is a major burden in Nigerian patients with type 2 diabetes mellitus (DM). Aims and Objectives: The aim of the present study was to compare the cardiovascular risk scores of type 2 diabetics with those of individuals with metabolic syndrome and in healthy controls and examine the impact of glycemic control and lifestyle on cardiovascular risk. Subjects and Methods: This was a cross-sectional study of adult Nigerians with type 2 diabetes, metabolic syndrome, and age-and sex-matched controls. Written informed consent was obtained from all the participants. The Ethics Committee of the Lagos University Teaching Hospital, Lagos, Nigeria, approved the study protocol. Statistical Analysis: The data were analyzed using the IBM SPSS software version 20.0 package. Statistical significance was set at P < 0.05. Results: There was a statistically significant difference in cardiovascular disease (CVD) risk scores between the group with diabetes (20.41 ± 12.98), metabolic syndrome (10.00 ± 6.35) and the control group (6.79 ± 7.81) (P < 0.001), and also in glycated hemoglobin (HbA 1c ) , high-density lipoproteins (HDL)-cholesterol, total cholesterol , and triglyceride concentrations between the groups (P < 0.05). CVD risk correlated positively and significantly with HbA 1c , body mass index and waist circumference and negatively with the level of education (P < 0.05). Only 52.2% of the people with diabetes on treatment achieved HbA 1c target of <7%. Conclusion: People with Type 2 diabetes had high CVD risk scores, control of CVD risk factors is not optimum in adult Nigerians. Strategies to achieve better glycemic control, weight reduction, and increase literacy levels will help achieve CVD risk reduction in adult Nigerians.
Introduction
The prevalence of type 2 diabetes is increasing globally, and factors such as aging of the population, increasing the prevalence of obesity and sedentary lifestyles have contributed to this trend. [1, 2] In 2009, global estimates put the world prevalence of diabetes among adults at 6.4%, affecting 285 million adults, in 2010, and projected to increase to 7.7%, affecting 439 million adults by the year 2030. [3] There was also an estimated 69% increase in numbers of adults with type 2 diabetes in developing countries compared to 20% increase in developed countries between 2010 and 2015. [3] In Nigeria, the estimated prevalence rate for type 2 diabetes was 4.3%, Cardiovascular disease risk assessment in Nigerian adults with type 2 diabetes and metabolic syndrome using the Framingham's risk score and over 5 million people are projected to be affected by 2030. [3] Diabetes is an independent risk factor for cardiovascular disease (CVD). [4, 5] Type 2 diabetes is associated with a 2-4-fold increase in the risk of both coronary heart disease and stroke. [6, 7] CVDs are listed as the cause of death in approximately 65% of persons with diabetes [8] and strategies to reduce CVD risk are an important part of the management protocol for type 2 DM. [9] Quantifying the risk of developing CVD in patients with diabetes has important strategic benefits in patient management. [10] [11] [12] CVD risk quantification is useful in ranking individuals and groups according to absolute risk for the purpose of targeting therapy to those at greatest risk to appropriately allocate community and health resources. [11] It also provides prognostic information or accurate estimation of the likely absolute benefit from a therapeutic intervention. [11, 12] Todays' lifestyle choices are characterized by increased physical inactivity and consumption of calorie dense foods which fuel the obesity pandemic. Obesity and physical inactivity have been implicated in the development of insulin resistance in individuals who are genetically susceptible. [1, 13] Insulin resistance is the first defect in a cascade of metabolic abnormalities leading up to the onset of type 2 diabetes. These dysmetabolic features include cardiovascular risk factors of dyslipidemia, hypertension, inflammatory, and prothrombotic factors. [14] The clustering of these risk factors in a single individual is termed the metabolic syndrome. The metabolic syndrome commonly precedes the development of type 2 diabetes by many years [15] and is also an independent risk factor for CVD. Thus, early detection of the risk factors associated with the metabolic syndrome is needed for the institution of appropriate primary prevention measures in patients at risk for diabetes.
The Framingham's risk assessment tool which was developed in the general population and validated in people with diabetes is used to estimate a person's 10-year risk of developing CVD to identify high-risk individuals for primary prevention. [10] An individual's risk score can aid clinical decision-making on how intensively to intervene in lifestyle modification strategies, when to include drug therapy [10] and also to assess the efficacy of these interventions.
This study compared the cardiovascular risk scores of people with type 2 diabetes on treatment with those of individuals with metabolic syndrome and in healthy controls. It examined the impact of glycemic control and lifestyle on cardiovascular risk reduction in adult Nigerians.
Subjects and Methods
This was a cross-sectional study of 40 adult men and women with type 2 DM, forty adult men and women with metabolic syndrome and 40 age-and sex-matched males and females who were recruited as healthy controls. The Ethical Research and Review Committee of the Lagos University Teaching Hospital (LUTH) approved the study protocol, and informed consent was obtained from the participants.
The study participants were patients attending The Diabetic Clinic and The Obesity and Metabolic Clinic of the LUTH. Adult men and women between the age group of 30 and 70 years who agreed to participate in the study were consecutively recruited. Sociodemographic and clinical data were obtained from the participants using a structured questionnaire. Anthropometric measurements such as weight, height, waist and hip circumference, and blood pressure readings were taken. Lipid profile results were also determined. The diagnosis of type 2 diabetes was based on the WHO criteria, [16] and the diagnosis of the metabolic syndrome was based on the NCEP-ATPIII criteria. [17] Patients who did not meet the criteria for metabolic syndrome were matched for age and sex with the cases and recruited as controls.
The inclusion criteria included adult males and females between 30 and 70 years of age who had been diagnosed to have diabetes mellitus by the WHO criteria [16] with blood glucose level controlled with diet and hypoglycemic drugs and nondiabetics who had metabolic syndrome described by the presence of any three of the following: abdominal circumference ≥102 cm in males or ≥88 cm in females, high-density lipoproteins (HDL) cholesterol <1.03 mmol/L (<40 mg/dL) (males) or <1.3 mmol/L (<50 mg/dL) (females), triglycerides (TGs) ≥1.7 mmol/L (≥150 mg/dL), blood pressure ≥130/85 mmHg or the patient receiving hypotensive treatment and fasting glycemia >6.1 mmol/L (>110 mg/dL). [17] Pregnant women were excluded from the study.
The study participants reported on the morning of the study after an overnight (10-12 h) fast. A volume of 5 ml venous blood was collected from the antecubital vein and transferred into plain tubes for lipid profile assay, into fluoride oxalate tubes for glucose analysis and into ethylenediaminetetraacetic acid tubes for glycated hemoglobin (HbA 1c ) assay.
Abdominal obesity was determined by measurement of the waist circumference. The measurement was taken, using an inelastic tape, at the end of several consecutive natural breaths, at a level parallel to the floor, the midpoint between the top of the iliac crest, and the lower margin of the last palpable rib in the mid-axillary line. [18] The hip circumference was measured at a level parallel to the floor, at the largest circumference of the buttocks. [18] The blood pressure was determined using the Accoson's Mercury Sphygmomanometer (cuff size 15 cm × 43 cm). The participants were seated and rested for 5 min before measurement. The systolic blood pressure was taken at the first Korotkoff sound and diastolic at the fifth Korotkoff sound. [19] The total, low-density lipoproteins (LDL), HDL cholesterol, and TG were determined on fasting serum samples and glucose concentrations were determined from fasting fluoride oxalate plasma using reagents from Randox Laboratories Limited, Antrim, UK, BT 29 4QY, on semiautomatic biochemistry analyzer BS3000P-Sinnowa M e d i c a l S c i e n c e a n d Te c h n o l o g y C o m p a n y limited, Nanjing, China (211135). An ion-exchange chromatographic-spectrophotometric method for HbA 1c was used [20] using reagents from Fortress Diagnostics, UK. The Framingham's risk score was estimated from a CVD risk calculator based on the equation from the Framingham's heart study. [21] Statistical analysis The data were analyzed using the IBM SPSS version 20.0 (SPSS Inc., Chicago, IL). The Chi-squared test was employed to test the differences in the categorical variables, ANOVA was employed to test the differences in the mean values for the continuous variables. Spearman's correlation analysis was employed to determine the association between variables. Statistical significance was set at P < 0.05.
Results
Forty individuals with type 2 diabetes and 40 individuals with metabolic syndrome and forty healthy controls participated in the study. Each group consisted of 13 men and 27 women [ Table 1 ].
The study participants did not differ in their sociodemographic characteristics showing that the study participants have been well matched. The same number of men and women participated in all three groups to ensure matching the groups by gender. The three groups of subjects also showed very similar age group distribution. Although 15% compared to 65% of the metabolic syndrome group and 85% of the healthy controls received post secondary education, the educational levels taken together did not show the statistically significant difference between the three groups. Most of the study participants in all three groups neither exercised nor took alcohol. Table 2 shows the clinical and laboratory parameters of the study participants.
The differences between the groups were seen in the lipid profile parameters, HbA 1c and in the absolute values of CVD risk. The group with metabolic syndrome had higher TG, total cholesterol (TC), and LDL cholesterol than the control group and the DM group on treatment. From the post hoc analysis, HDL cholesterol levels from all three groups contributed to differences seen between the groups.
A comparison of CVD risk categories among subjects with type 2 diabetes, metabolic syndrome and healthy controls, calculated using the Framingham's showed that for low-risk category with a Framingham's score of 10% or less, 72.5% of the controls fell in to this category compared to 55% with metabolic syndrome and 27.5% with type 2 DM. In the high-risk category (Framingham's score of 20% or more), 52.5% of the participants with type 2 DM compared with 7.5% and 2.5% in the metabolic syndrome and control groups, respectively, were found in the high-risk category (P < 0.001)
In the study population, we assessed the relationship of CVD risk scores with glycemic control and lifestyle. The correlation between alcohol consumption, smoking, physical activity, obesity, level of education, HbA 1c , and CVD risk showed that obesity, level of education, and glycemic control showed statistically significant relationships with CVD risk (P < 0.05). Level of education had an inverse relationship with CVD risk. Table 3 shows the percentage of type 2 diabetics who achieved optimal treatment goals for modifiable cardiovascular risk factors using guidelines from the American Diabetes Association. Standards of diabetic care-2012, [22] Most of the study population with type 2 diabetes did not attain optimal treatment goals for the modifiable cardiovascular risk factors. Only 16% of the people with diabetes met target treatment values for HDL. 95% of the diabetic population met TG treatment targets. About 50% of the people with diabetes met treatment targets for blood pressure control and glycemic control.
Discussion
This study showed that a statistically significant proportion of the diabetic group belonged to the high CVD risk category compared to the group with metabolic syndrome and the healthy control group despite being on treatment.
Diabetes is a major risk factor for CVD [4, 5] and findings by Haffner et al.; [23] suggested that patients with type 2 diabetes without previous myocardial infarction have as high a risk of myocardial infarction as nondiabetic patients with previous myocardial infarction, indicating that type 2 diabetes is a coronary heart disease equivalent. [24, 25] A recent meta-analysis by Bulugahapitiya et al., [26] however, did not support this hypothesis, asserting that it was not the diabetic status per se but the additional coronary artery disease risk factors which confer the coronary artery disease equivalent state in diabetic subjects. Albeit, more than 70% of patients with type 2 diabetes die of cardiovascular causes. [27] Chronic hyperglycemia has been implicated in the microvascular complications of diabetes and more recently too has also been associated with the macrovascular complications of CVD including coronary heart disease, stroke, and peripheral vascular disease. [28] A higher proportion of those with metabolic syndrome in this study was in the medium CVD risk category. Metabolic syndrome is an insulin-resistant state and several studies have shown that insulin resistance characterised by impaired glucose tolerance (2-h plasma glucose levels between 7.8 and 11.0 mmol/l) or impaired fasting glucose (plasma glucose between 5.6 and 6.9 mmol/l) have about 2-fold higher risk for CVD events than normoglycemic subjects. [29] HbA 1c , a surrogate marker of chronic hyperglycemia have correlated strongly with the microvascular and macrovascular complications of diabetes. [28] HbA 1c levels <6% was the target of the intensive treatment arm of the Diabetes Control and Complications Trial and the Epidemiology of Diabetes Interventions and Complications studies which recorded a significant 42% reduction in CVD outcomes and a significant 57% reduction in the risk of nonfatal myocardial infarction, stroke, or CVD death compared with those previously in the standard treatment arm with HbA 1c target of 7%-8%. [28] From our study, only about 50% of people with diabetes achieved an HbA 1c target of <7% [22] and may explain the high proportion of type 2 diabetics in the high CVD risk category.
Chronic hyperglycemia alone cannot explain the relationship between diabetes and CVD. [30] Findings from the United Kingdom Prospective Diabetes Study group [31] showed that the most important risk factors for coronary heart disease were classic risk factors, particularly dyslipidemia. In this study, the diabetic group also had higher HbA 1c values and lower HDL cholesterol values than the nondiabetic groups with and without metabolic syndrome which further explains their increased CVD risk.
This study showed that people with diabetes on treatment had comparable TC, LDL and TG values with the healthy controls; although, only 40% of the people with diabetes met the LDL treatment target of <2.6 mmoles/L. [22] The group with metabolic syndrome had significantly higher levels of TC, LDL, and TG. Lifestyle modification rather than drug therapy has been the management option for CVD risk factor levels above the cut off for metabolic syndrome. [17] This study shows that a very low percentage of the study population participated in physical exercises, sidelining one of the avenues to target weight loss, reduce insulin resistance and effectively control metabolic syndrome and its components. [32] Correlation analysis in this study identified chronic hyperglycemia, obesity, and level of education as factors associated with CVD risk in this population. Alcohol consumption and smoking were not associated with CVD risk in this population compared to other climes [33] probably because a very low percentage of the study population smoked or used alcohol.
A study by Khaw et al. [34] reported that increasing values of HbA 1c >5% was associated with cardiovascular mortality, and all-cause mortality in diabetic men and HbA 1c also appeared to be a continuous risk factor for CVD mortality in the nondiabetic population. Strategies to reduce glycemia in both diabetic and nondiabetic populations including creating awareness on the effectiveness of increased physical activity and weight reduction in reducing insulin resistance and increasing literacy levels will help reduce CVD risk scores in adult Nigerians.
Conclusion
CVD risk factors are high in adult Nigerians with type 2 diabetes. Strategies to control the cardiovascular risk factors of metabolic syndrome, achieve better glycemic control and increase literacy levels will help achieve CVD risk reduction in adult Nigerians.
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